We have selectively separated cis-and/or vicinal-diol-containing flavonoids from Hypericum perforatum (HP) by adsorption/desorption used aminophenylboronic acid (APBA) functionalized uniform (1.6 μm) silica microparticles (BASPs) synthesized via the Stöber method. Silica particles were alkylated via its terminal -OH by 3-aminopropyl trimethoxysilane (APTS), glutaraldehyde (GA) and APBA. The results from model adsorption studies were indicated that these microparticles selectively had adsorbed quercetin and rutin but partially apigenin. The antioxidant and antiradical activities of the desorption solution were slightly higher than the postadsorption solution. These results indicated that the BASP selectively adsorbed the cis-and/or vicinal antioxidant and antiradical flavonoids.
INTRODUCTION
Flavonoids play some important roles in biological and physiological systems of plants (1) . They are widely used in health products, cosmetics, and medicines (2-7). Although solvent extraction is the conventional technique (8) to isolate them, this approach leads to environmental pollution due to the large amounts of residual solvents. In addition, these methods are insufficient for the specific isolation of some precious types of flavonoids.
An alternative method for the selective isolation of some types of flavonoids and enrichment of the antioxidant activity of plants involve the uses of adsorbent beads that possess a high surface area and specific functionalities on their surfaces (9) (10) (11) (12) (13) . In general, the adsorbents used in these studies (e.g., cross-linked polystyrene-based beads) are hydrophobic. The polar/nonpolar ratios can be varied on modification and functionalization of these beads to generate adsorption selectivity to specific types of flavonoids.
Conventionally, uniform micron and submicron silica particles are functionalized with carbon chains, which were selective to some polar/nonpolar groups, have been employed in the columns used in liquid chromatography (14) . Hydrophobic interactions and hydrogen bonding can be evaluated as two primary forces to purify or identify the flavonoids. As an alternative packing material or adsorbent, we already reported boronic acid based uniform APBA functionalized poly(chloromethyl styrene-co-divinylbenzene) particles for cis-and vicinal diol containing flavonoids (15) .
Herein we reported silica based microparticles that successfully adsorbed cis-and vicinal diols (quercetin and rutin as model flavonoids) as compared to the isolated hydroxyl compounds (apigenin). The extraction study was performed on the ethyl acetate extract of Hypericum perforatum. As well known, flavonoids possess some antioxidant and antiradical activities. These biological active flavonoids can be selectively separated from the plant extracts. In addition, the prepared uniform microparticles might be useful as the future candidates to be used in liquid chromatography.
MATERIAL AND METHODS
The tetraethyl orthosilicate (TEOS, 98%, Aldrich, Steinheim, Germany) precursor was used in the synthesis of silica microspheres. N-cetyl-N,N,N-trimethylammonium bromide (CTAB, 99%, Merck, Darmstadt, Germany) and dodecylamine (DDA, 98%, Aldrich, Steinheim, Germany) were selected as templating agents. Ethanol (99 %, Sigma-Aldrich, Steinheim, Germany) was used for the preparation of the dispersion medium. Ammonium hydroxide (NH4OH, 25 %, J.T. Baker, USA) was selected as a catalyst. An aminopropil silane (APTS) (97 %, Aldrich, Steinheim, Germany) and anhydrous toluene (Sigma-Aldrich, USA) were used in the first derivatization step of the silica particles. In the second step, glutaraldehyde (GA, 25 %, Merck, Hohenbrunn, Germany) and aminophenylboronic acid (APBA, 95 %, Aldrich, USA) were used in the boronic acidfunctionalization of the particles.
Quercetin hydrate (>95 %, Aldrich, Steinheim, Germany), rutin hydrate (95 %, Sigma, China), and apigenin (95 %, Sigma, USA) were employed as model flavonoids and used in adsorption experiments. Methanol (GC grade, Merck, Darmstadt, Germany), ethanol (Sigma-Aldrich, Steinheim, Germany), and distilled water were used to prepare the adsorption and desorption For the free radical scavenging, antioxidant activity, and total flavonoid determination experiments, analytical grade 1,1-diphenyl-2-picrylhydrazyl (DPPH) (85 %, Aldrich, 98 Steinheim, Germany), β-Carotene (97 %, Fluka, USA), Tween-40 (Merck, USA), linoleic acid (99 %, Aldrich, Augsburg, Germany), potassium acetate (>99.0, Merck, Barcelona, Spain), and aluminum nitrate (98.5 %, Merck, Germany) were used. Ethanol and ethyl acetate (99.5 %, Sigma-Aldrich, Steinheim, Germany) were employed as the solvent for the extraction of the plant leaves.
Synthesis of silica microparticles
The synthesis of BASPs was consisted by four stages, i.e. the synthesis of silica microparticles, Silica microparticles were produced using by the conventional sol-gel method at room temperature (17) (18) (19) (20) (21) . Ethanol (130 mL), distilled water (70 mL), DDA (1.34 g), and CTAB (0.14 g) were mixed in a sealed Pyrex glass bottle until a homogenous solution was obtained. A NH4OH solution (0.8 mL) was added to solution and immediately stirred. This step was followed by the slow addition of TEOS (5 mL) and the medium was shaken for 2 min. Then, the bottle was firmly closed and stored for 24 h at room temperature. The silica microparticles were washed in two steps to remove surfactants from the interior. First, the silica microparticles were placed in 100 mL of isopropanol and shaken at 70 o C for 12 h in a shaker (22) . Then, the silica microparticles were centrifuged to precipitate and washed again using the same procedure described above. In the last step, the silica microparticles were washed for 30 min under sonication in an ultrasonic ice bath with a concentrated mixture of HCl/ethanol (15/120, v/v) to remove residual surfactants (23) . The latter washing process was repeated three times. Silica microparticles bearing hydroxyl functional groups on their surface, which are suitable for derivatization, were obtained.
Grafting of amine functional group onto the silica microparticles
A small amount of the washed silica microparticles (1.26 g) were dried in an oven at 120 °C.
Then, the particles were placed in 10 mL of anhydrous toluene under magnetic stirring (24, 25 ).
An excess amount of (3-aminopropyl)triethoxysilane (2 mL), which was dispersed in a tube containing 2 mL of anhydrous toluene, was slowly added to this medium in 10 min under a nitrogen atmosphere and stirred for 2 h to complete the grafting. The particles were centrifuged, placed in 10 mL of anhydrous toluene and washed under stirring. The last washing process was repeated two times. Then, the particles were washed under sonication in an ultrasonic water bath with a HCl/ethanol mixture for 10 min and with distilled water followed by drying in a vacuum oven at 60 0 C for 24 h (26).
Activation of the amino-capped silica microparticles with glutaraldehyde
The amino-capped silica microparticles were dispersed in a phosphate buffer (0.067 M KH2PO4 0.067 M Na2HPO4) at a pH of 8. Then, 4 mL of GA (25 %) was added dropwise to this solution under stirring (27, 28) , and the reaction was maintained for 5 h. The silica microparticles became red that was a sign of successful activation. These particles were washed with distilled water three times.
APBA attachment to the silica microparticles activated with GA
APBA was attached to the terminal aldehyde on the silica microparticles. For this purpose, 300 mg of APBA was dissolved in 40 mL of distilled water. The pH of this solution was adjusted to 8.0 using 0.1 M NaOH. Approximately 1 g of the amino functionalized silica microparticles was added to the medium under stirring at 200 rpm. The pH of this medium was adjusted to 9.0 with 0.1 M NaOH. The suspension was stirred for 12 h and then centrifuged. The particles were washed for 12 h with a 50 mL of a 1 N NaCl solution, which was adjusted to a pH of 10. Finally, the particles (BASPs) were washed with 0.1 M HCl and distilled water (27) . The FT-IR spectra of the particles at each derivatization step were recorded on a Nicolet iS10 FT-IR spectrometer using KBr pellets.
Model flavonoid adsorption experiments with BASPs
The equilibrium adsorption capacity (Q) (mg flavonoid/g particle) of quercetin, rutin, and apigenin with BASPs were determined in methanol/HEPES buffer (85/25, mL/mL) at 8. 
Adsorption experiments with BASPs from HP stem extracts
To investigate the efficiency of BASPs against antiradical and antioxidant activity, ethyl acetate extracts of HP stems (Mugla Turkey) were used in adsorption/desorption experiments. The equation (1) was used to calculate the desorption percent of the adsorbed extract from the adsorbent (29) .
Activity measurements using the adsorption solutions
The total flavonoid content (mg flavonoid/g dry weight of extract) of the ethylacetate, adsorption and desorption media were determined separately as described by Moreno et al. (30) .
Free radical scavenging (DPPH) and β-carotene-linoleic acid assay were used to determine the activities of the ethyl acetate extract and adsorption solutions (Ads). In the DPPH method, the free radical scavenging activity was calculated using Equation 2 (31),
where A0 and A1 are the absorbences of the control and sample solutions, respectively. The antioxidant activity was determined using the β-carotene-linoleic acid assay was performed according to the literature method (32) .
RESULTS AND DISCUSSIONS

Characterization of silica microparticles
The diameters of the synthesized silica microparticles were found between 1.5- The prepared BASPs had a smaller pore volume and the pore size compared to poly (7- oxonorbornene-5,6-dicarboxylic acid-block-norbornene) [poly-(ONDCA-b-NBE)]-coated silica particles that had a 50 Å pore size, 7 µm diameter, 0.8 cm area (34) . The very small pore volume and porosity properties of BASPs had a disadvantage in adsorption experiments due to their less inner surface area. However, the surface properties, monodispersity and sub-micron particle size of BASPs made it suitable for use in liquid chromatography for the fast determination of flavonoids in plant extracts (34) and could be an alternative to octadecyl-type silica particles (14) . Pore size enlargement, which could be achieved by post-synthetic hydrothermal treatment under specific conditions or using by oligomeric and polymeric templates (20) , was not applied in this study.
FT-IR analysis of the APBA-functionalized silica microparticles
The silica microparticles were derivatized via the hydroxyl groups on their surface. The first step The band located at 3500 cm -1 corresponds to the Si-OH vibration as seen in Figure 3 In Figure 3 (c), the disappearance of the band located at 1376 cm -1 corresponds to the missing Si-OH. The band at 1500 cm -1 was due to the secondary amine of APTS (36) . The GA attachment is determined by the change in color of the particles due to the shift reaction occurring between the APTS functionalized silica particles and GA. Due to GA and APBA attachment to the surface of the silica particles, the intensity of symmetric and asymmetric stretching vibration bands of the CH2
and CH3 peaks at approximately 2940 cm -1 were increased and peak between 3000-3500 cm -1 came to fruition (Figure 3 (d) ). In addition, the peak that appeared at 688 cm -1 (Figure 3d ), which was not observed in Figure 3 (c) due to the aromatic structure of APBA.
Model flavonoid adsorption with BASPs
The selectivity of BASPs for the cis and vicinal-diol (rutin) and vicinal-only-diol-containing model flavonoids (quercetin) were studied. Apigenin was selected as a model flavonoid that does not contain either cis-or vicinal-diol. The maximum solubility of quercetin was calculated as 0.02 mg/mL. To compare each flavonoid, this value was employed to investigate the effect of the pH on the adsorption capacity.
At a pH of about 8.5, the geometry of BASPs converts from trigonal to a tetrahedral (37) . The tetrahedral formation is the most suitable form to capture cis-and/or vicinal-diols. Therefore, the adsorption capacity of quercetin was higher at a pH 8.5 compare to the pH values (Fig. 4) . The variation in the maximum adsorption capacity as a function of pH using BASPs for quercetin, rutin, and apigenin were also comparatively studied. The adsorption capacity at a pH 8.5 of apigenin, which does not contain cis-either vicinal-diol group, was less than that of rutin and quercetin ( Figure 5 ). At this pH, the adsorption capacity of quercetin and rutin was 2 and 3 mg/g particle, respectively. The molecular weight of rutin is twice than that of quercetin. In this study, g/mL of the samples were used instead of moles/mL. From that point of view, the rutin concentration (in moles) becomes half of that for quercetin. As Figure 6 shows, almost similar amount of Desp (rutin and quercetin) were obtained by BASPs. As a whole, the amount of rutin adsorbed on the BASPs become twice as that of quercetin. It may be explained by the fact that the binding probability of quercetin carrying one vicinal-diol group to bond to the boronic acid of BASPs is same with rutin carrying cis-as well as vicinal-diols.
The steric effect of rutin might negatively affect its adsorption on the adsorbent. However, the adsorption capacity of apigenin, which did not contain cis-diol groups, did not increase with pH and was less than that of cis-and vicinal-diol-containing rutin and vicinal-diol containing quercetin in the alkaline pH region. However, its amount of adsorption capacity was not rendered negligible which could be attributed to the nonspecific adsorption of apigenin on the adsorbent particles. The nitrogen on the spacer arm ( Fig. 1) attached to the silica particles can make a hydrogen bond via the -OH located on the apigenin. Therefore, a comparable amount of apigenin can be isolated with BASPs particles, and this amount does not depend on pH.
The maximum adsorption capacity for quercetin was found as approx. 22 mg/g particle ( Figure 6 and Table 1 ). The compatibility of quercetin adsorption with two well-known adsorption models i.e.
Langmuir and Freundlich (29, 37) 
Adsorption selectivity of BASPs towards a model flavonoid mixture
The selectivity of the APBA-attached microparticles to the cis-and/or vicinal-diols (i.e., quercetin and rutin) is shown in Fig. 7 . 2 g of quercetin and 1.9 g of rutin were adsorbed per gram of BASPs. Amounts were obtained from the area under the peaks from HPLC chromatogram. As boronic acid is prone to cis-and/or vicinal-diols, out of the mixture, the adsorption capacity of apigenin was far more less than the sole apigenin solution. BASPs mostly adsorbed the quercetin and rutin. We can say that, the BASPs selectively adsorbed the flavonoids that contained cisand/or vicinal-diols. 
Adsorption selectivity of BASPs towards ethyl acetate extract of the HP stem
The adsorption of flavonoids from the ethyl acetate extract of the HP was compared to the HPLC peaks of the original extract as well as the unadsorbed and desorbed solutions. 
Antioxidant and antiradical activities
The antioxidant activity results with the β-carotene and linoleic system for the ethyl acetate extract of the HP stems are shown in Fig. 10 (A) . The antioxidant activities of the three media are in the following order: EtOAc > Desp > Ads. These results are parallel to the flavonoid content of the three media, as shown in Figure 9 . According to these results, the adsorbed molecules provides slightly better antioxidant activity than the unadsorbed molecules. The amount of flavonoids in the ethyl acetate extract of the HP stems were reported to be high (38, 39) . In this study, antioxidant activity observed was higher that was also expected.
The rate of β-carotene bleaching of the ethyl acetate extract of the HP stems and its adsorption/desorption solutions are shown in Fig. 10 (B) . An interesting result was observed in Fig. 10 (B) where the desorption solution exhibited a higher antioxidant activity rate than the ethyl acetate and post-adsorption (Desp) solutions.
According to the literature (40,41), flavonoid aglycones (i.e., quercetin, kaempferol and biapigenin) have higher antioxidant activities as compared to other flavonoids. In contrast, the antiradical scavenging properties of glycoside-containing flavonols i.e., rutin, hyperoside, isoquercitrin, and kaempferol were determined as higher than the other components. The base structure of BASP exhibits a hydrophilic character, but their surface is covered with space arms containing polar (amide groups and boronic acid tip) and apolar "CH2" molecules due to APTS/APBA and glutaraldehyde molecules, respectively. A suitable apolar/polar ratio in the adsorbent causes a shift in the adsorption of flavonoids from plant extracts (12) . While the increment in this ratio causes an increment in the nonspecific adsorption, its decrease results in a smaller adsorption capacity for flavonoids. Considering these observations, the behavior in Fig. 10 (B) can be clarified by adsorption of more apolar flavonoid aglycones bearing antioxidants rather than polar flavonol glycosides. It is likely that a suitable apolar/polar ratio in BASPs might cause quercetin-type flavonoid aglycones moving close to the spacing arm ( Fig. 1) to generate a hydrophobic interaction with the hydrophobic sides of the connecting arm and boronic acid affinity interaction with the cis-and/or vicinal-diols on the boronic acid side groups while simultaneously applying slightly repulsive forces to flavonol glycoside-type molecules. However, there is a possibility for hydrogen bonding interactions between polar flavonol glycosides and the amine groups on spacing arm. Boronic acids prefer to bind cis-and/or vicinal diols. That is why, it interacted more with the rutin and quercetin as compared to the apigenin. As discussed in our previous study, flavonoid aglycones isolated by BASPs exhibit a high antioxidant capability (15) . Therefore, isolated fractions containing more cis-diol-containing flavonoid molecules exhibited high initial antioxidant velocity, as shown in Fig. 10 (B).
For DPPH radical scavenging (Fig. 10C) , the trend in the radical scavenging capacity was approximately the same as that for the antioxidant activity shown in Fig. 10 (A) . To compare DPPH activities, EC50 (effective concentration for 50 % percent activity) values were calculated for EtOAc, Ads, and Desp as 350, 1000 and 730 (µg dwb/mL), respectively.
These results demonstrate that the DPPH activity of the Desp medium was higher than that of the Ads medium, which may be due to the greater adsorption of flavonoids possessing high antioxidant activity and DPPH radical scavenging properties (40) .
CONCLUSIONS
The APBA-functionalized silica particles (BASPs) synthesized in this study exhibited selectivity towards cis (sp 3 carbons) as well as vicinal (sp 2 carbons) diols containing flavonoids. Cis-diolcontaining flavonoids might be partially isolated with this new adsorbent. However, the presence of other polar/apolar groups present on the silica macroparticles may cause a decrease in the selectivity of the boronic acid groups. Therefore, the DPPH radical scavenging capacity and antioxidant activity of the desorption solution were determined to be lower than that of the original ethyl acetate extract but higher than the post-desorption (Desp) solution. A desorption yield of 100 % for BASPs demonstrates its for studying adsorption phenomena in plant extracts containing cis-diol type flavonoids. Uniform adsorbent particles produced in this research have the potential to be used in HPLC chromatography for effective isolating cis and/or vicinal diols containing compounds.
